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SUMMARY 
This study focuses on two questions: How much 
does it cost to retail anhydrous ammonia fertilizer? 
And, how might this cost be reduced? Answers to 
these questions should be useful to anhydrous am-
monia retailers and to the farmers who buy from 
them. 
Our study was an effort to improve on, and to 
extend, three earlier studies of anhydrous am-
monia retailing costs by other authors in other 
states. We have re-examined the impacts on retail-
ing costs of the level of utilization of the retail firm, 
the capacity of the retail firm, the type of retail 
firm, and the amount of anhydrous ammonia used 
per square mile (demand density). We have ex-
tended earlier studies by examining the impacts of 
the length of the application season and retailers' 
market shares on retailing costs. 
Our research procedure consisted of five main 
steps: (1) We interviewed several anhydrous am-
monia retailers in north-central Iowa to gather in-
formation about their retailing operations. (2) We 
_ specified 18 different "market conditions" that we 
wanted to study. One of these market conditions 
depicts the demand-density, season-length, and 
market-share pattern faced by a typical retailer in 
north-central Iowa. The other 17 market conditions 
introduce two alternative levels of demand density, 
an alternative season length, and two alternative 
market-share patterns. (3) For each of the 18 
market conditions we synthesized six model farm-
supply retail firms of different capacities and four 
specialized retail firms of different capacities. (4) 
We estimated anhydrous ammonia retailing costs 
for each of our model retail firms. And (5), we used 
the cost estimates for the model retail firms to 
estimate several cost-volume relationships and to 
identify ways a typical retailer can reduce costs. 
Our results suggest that a retailing firm will 
incur lower costs per ton if it is operated at its 
C<!pacity level of annual volume than if it is 
operated at a below-capacity level of annual 
volume. Delivery costs account for most, between 
50 and 75 percent, of the firm's total retailing costs. 
Plant costs account for the remaining portion. 
The results also suggest that, when farm-supply 
retail firms are operated at their capacity levels of 
annual volume, retailing costs per ton are about 
the same for firms of different capacities. With 
north-central Iowa market conditions, retailing 
costs per ton at capacity for farm-supply firms 
decrease slightly as firm capacity increases to 
about 900 tons per year, but retail firms with an-
nual capacities greater than 900 tons incur higher 
costs per ton. 
Specialized retailers incur higher costs per ton 
than farm-supply retailers. Also, for north-central 
Iowa conditions, retailing costs per ton for 
specialized firms operated at capacity decrease as 
firm capacity increases to 1800 tons per year. 
Changes in market conditions have a substan-
tial impact on retailing costs. Retailing costs per 
ton for both farm-supply and specialized firms are 
lower with higher levels of demand density, a 
longer application season, and higher retailer 
market shares. 
According to our results, a typical retailer may 
be able to realize substantial cost savings by mak-
ing more efficient use of his delivery equipment 
and by encouraging farmers to expand the season 
during which they apply anhydrous ammonia. By 
increasing his annual sales volume to firm 
capacity, or by increasing both his firm capacity 
and annual sales volume to 900 tons per year, he 
may achieve some additional cost savings. 
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Costs of Retailing Anhydrous Ammonia 
Fertilizer in North-Central lowa1 
by Ronald Raikes2 and Arnold Heubrock3 
In 1973, Iowa farmers spent more than $45 
million for anhydrous ammonia fertilizer. Retail 
margins accounted for about 25 percent of this 
amount, or $11 million. In 1974, the amount Iowa 
farmers spent for anhydrous ammonia was sharply 
higher, partly because wholesale prices were 
higher, but also because retail margins were 
higher. An important determinant of retail 
margins is retailing costs, and both retailers and 
farmers should be interested in ways to reduce 
these costs. For the individual retailer, reduced 
costs will mean increased profits (or reduced 
losses). For farmers, reduced retailing costs should 
lead to lower retail margins and lower retail prices. 
In the past few years, three studies (two in 
Nebraska and one in Minnesota) have been un-
dertaken to estimate costs of retailing anhydrous 
ammonia and to suggest ways of reducing these 
costs. A retailer searching for ways to reduce his 
costs, however, likely would find the results of 
these studies quite confusing. The three studies 
provide quite different estimates of retailing costs, 
and they disagree on the best ways to reduce these 
costs. 
Rudel and Walsh (1970) found, in a study of 
anhydrous ammonia retailing in Nebraska, that re-
tailing costs per ton are extremely high for re-
tailers with small levels of annual volume, but that 
costs per ton drop sharply as annual volume in-
creases. They found that, for farm-supply retailers 
(i.e., retailers that handle grain, fertilizer, and 
other farm supplies), anhydrous ammonia retailing 
costs drop by more than $30 per ton as annual 
volume increases from 207 to 2658 tons (Rudel and 
Walsh, 1970, pp. 28-32). They also found that most 
retailers in the area they studied have small levels 
of annual volume; the average level of annual 
volume at the time of the study was about 400 tons 
per year. They concluded, therefore, that retailing 
costs are much too high, and that the best way to 
reduce these costs is to reduce the number of retail-
ing firms so that the remaining firms have larger 
levels of annual volume. 
Rathjen (1970) reached a similar conclusion in 
his study of anhydrous ammonia retailing costs in 
Minnesota. He studied both farm-supply and 
specialized retail firms. The latter are retail firms 
'Project 1874 of the Iowa Agriculture and Home Economics Ex-
periment Station. George Ladd provided many helpful comments 
on earli er drafts of this report. 
2Assistant Professor of Economics, Iowa State University. 
3Formerly graduate student, Department of Economics. Now com-
modity broker, LS. Joseph Co., Inc., Minneapolis, Minnesota. 
4 
that handle only anhydrous ammonia and bulk-
blended fertilizers. He found that specialized re-
tailers incur higher costs than farm-supply re-
tailers for comparable levels of annual volume. But 
he concluded that, for both types of retail firms, 
costs per ton are very high if the level of annual 
volume is small, and that retailing costs per ton 
decline sharply as annual volume increases. 
In a later Nebraska study, however, Anderson, 
Jorgensen, and Nelson (1973) drew conclusions dif-
ferent from those drawn in the two earlier studies. 
They found that retailing costs per ton do not con-
tinually decline as the capacity of the retail facility 
and level of annual volume become larger and 
larger. Rather, they found that retailing costs per 
ton decrease as the capacity of the retail facility and 
level of annual volume increase to about 1800 tons, 
but that costs per ton increase as the capacity and 
annual volume increase beyond this (Anderson, 
Jorgensen, and Nelson, 1973, p. 20). These authors 
concluded that the level of utilization of the retail 
facility has a greater impact on retailing costs than 
the capacity of the retail facility. And, they suggest 
that demand density (i.e., the number of tons of 
anhydrous ammonia used per square mile) is an im-
portant determinant of retailing costs. 
The results of these three studies are different 
because different procedures were used to estimate 
retailing costs. In each of the first two studies, costs 
were estimated for only one retail facility (Rudel 
and Walsh, 1970, pp. 26-27; and Rathjen, 1970, pp. 
83-86), and costs of delivering anhydrous ammonia 
from the plant facility to the farm were un-
derestimated for the larger levels of annual volume 
(Rudel and Walsh, 1970, pp. 28-32; and Rathjen, 
1970, p. 180). In the third study, costs were 
estimated for retail facilities having three different 
annual capacities, and the cost of providing enough 
pickup trucks and nurse tanks to deliver the larger 
levels of annual volume was included. But the cost 
of providing applicators was not included (An-
derson, Jorgensen, and Nelson, 1973, p. 20). 
The impacts of season length and market share 
on retailing costs were not measured in any of the 
three studies. In each study, only one length of the 
application season was considered. And the results 
of each study are based on an unrealistic assump-
tion about the retailer's market share. It was as-
sumed that the retailer makes a constant propor-
tion of the total sales of anhydrous ammonia (i.e., 
has a uniform market share) throughout the 
market area he serves (Rathjen, 1970, pp. 96-102; 
and Anderson, Jorgensen, and Nelson, 1973, p. 12). 
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OBJECTIVES AND SCOPE 
We undertook this study in an effort to provide 
more reliable estimates of anhydrous ammonia re-
tailing costs and to provide more reliable sugges-
tions about ways to reduce these costs. 
Our objectives were (a) to develop estimates of 
short-run retailing costs (i.e., costs per ton for each 
of several levels of utilization of given retail firms), 
(b) to develop estimates of long-run retailing costs 
(i.e. costs per ton for retail firms of several dif-fer~nt capacities when the capacity of each firm is 
fully utilized), (c) to determine whether costs per 
ton increase or decrease as firm capacity increases, 
and (d) to determine how costs would be affected by 
changes in three important constraints faced by re-
tailers; viz., the length of the application season, 
the amount of anhydrous ammonia used per square 
mile (i.e., the demand density), and the retailer's 
share of the total sales of anhydrous ammonia in 
his market area (i.e., the retailer's market share). 
We have confined our analysis to the estimation 
of costs for relatively efficient retailers in a nine-
county region surrounding Fort Dodg~, Iowa. _The 
estimates reflect 1972 technology and mput pnces. 
No attempt is made to predict costs for fu~ure 
periods. The res\llts should be useful to reta1_lers 
planning the reorganization of present operations 
or the acquisition of new facilities and equipment 
and to those attempting to appraise the efficiency 
of anhydrous ammonia retailing. 
In later sections of this report, the research 
method is discussed, and the results and con-
clusions of the analysis are presented. But first, we 
offer a brief description of the anhydrous ammonia 
industry, paying particular attention to the func-
tions performed by retailers. 
THE ANHYDROUS AMMONIA 
INDUSTRY 
Manufacture, Wholesale, and 
Retail Distribution 
Retailers are the final link in a marketing 
channel that begins at manufacturing facilities 
and reaches to farmers. 
Most anhydrous ammonia is manufactured in 
large-scale plants (1000 tons per day and greate_r) 
on the Gulf Coast, but some is manufactured m 
the interior; e.g., Iowa has manufacturing capacity 
about equal to its consumption. Natural gas is the 
primary ingredient. The finished product is 82 per-
cent nitrogen and is a gas at temperatures above 
-28°F. When it is shipped or stored, it is converted 
to a liquid either by placing it under pressure or by 
reducing its temperature to -28°F. with no 
pressure; i.e., cryogenically. 
From manufacturers, anhydrous ammonia is 
hipped via cryogenic or pre surized barge, rail tank 
car, truck transport, or recently pipeline. Some goes 
directly to retailer . But, because mo t retail sales 
occur during a very short season and because re-
tailers typically are unable to store more than a 
small percentage of their annual sales volume, a 
considerable amount of wholesale storage capacity 
is needed. Therefore, most of the product is shipped 
from manufacturers to cryogenic storage and 
transshipment facilities operated by wholesalers, 
then to retailers during the application season. 
In Iowa, regional cooperatives and corporations 
that are vertically integrated from manufacturing 
through retailing operate wholesale facilities. There 
is about 900,000 tons of cryogenic storage capacity 
in the state, located mainly along the Mississippi 
and Missouri rivers and along a pipeline from the 
Gulf Coast. In addition to providing storage, 
wholesalers typically provide part of retailers' credit 
needs, train retailers' employees, and in some in-
stances, provide retailers with storage vessels. 
Retailers provide in-season storage for 
anhydrous ammonia and services to farmers, which 
typically include soil testing and short-term financ-
ing. In addition, most retailers deliver anhydrous 
ammonia to the farm and provide farmers with ap-
plicators. 
To perform these functions, retailers need plant 
facilities and delivery equipment consisting of one 
or more pickups, nurse tanks, and applicators. The 
facilities at the plant include a 12,000- to 26,000-
gallon pressurized storage vessel, a pumping system 
to transfer the product from rail cars or truck 
transports to the storage vessel and from the storage 
vessel to risers used to load nurse tanks, a scale, and 
an office building. After the nurse tanks are loaded 
and weighed at the plant, pickup trucks are used to 
tow them to farms. There, tractors (provided by 
farmer-customers) and applicators (usually pro-
vided by retailers) are used to inject the anhydrous 
ammonia into the soil. 
The total costs incurred by retailers, or their 
total retail-distribution costs, are the sum of plant 
costs and delivery costs. Delivery costs include all 
costs associated with owning, maintaining, and 
operating delivery equipment. Plant cost:s i~cl~de 
all other costs; e.g., costs of owning, mamtammg, 
and operating the plant facility, admir~.i~trative and 
management costs, and costs of advert1smg and pro-
viding services to farmers. 
Anhydrous Ammonia Retailing 
in North-Central Iowa 
Our analysis of retailing costs focuses on . a 
nine-county region surroun~ng. Fort Do?ge m 
north-central Iowa.4 This region 1s one of mu:nse 
cash-grain production. In 1970, the reg10~, 
although including only 9.4 percent of all land m 
farms in Iowa, accounted for 12.4 percent of :.:.: 
state's corn acreage and 17.8 percent of the sta 
soybean acreage. 
"The nine counties are Pocahontas, Humboldt, Wright, Calhoun, 
Webster, Hamilton, Carroll, Greene, and Boone. 
5 
Most of the nitrogen fertilizer sold in this area 
is used in corn production, and as in other parts of 
Iowa and the United States, commercial nitrogen 
fertilizer use has increased dramatically. Since the 
mid-1960s, anhydrous ammonia has been the domi-
nant source of commercial nitrogen fertilizer (fig. 
1). Recently, more than 75 percent of all nitrogen 
has been sold in the form of anhydrous ammonia. 
One reason for the increased importance of 
anhydrous ammonia is its relatively low price as 
compared with other nitrogen forms. 
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Figure 1. Trends in consumption of selected nitrogen fertilizer 
products in north-central Iowa, 1962-72. 
Source: State of Iowa, Department of Agriculture . Distribution 
of fertilizer tonnage by grades and material. Iowa 
Department of Agriculture, State Chemical 
Laboratory Bulletins. July 1, 1962-June 30, 1963, 
through July 1, 1969-June 30, 1972. 
In 1970, there were 150 anhydrous ammonia re-
tail outlets in this nine-county area. The average 
annual sales volume per retail outlet was 521 tons. 
All these outlets handled other products in addi-
tion to anhydrous ammonia, but they can be 
divided into two categories according to the 
diversity of their product lines. One category, 
which we shall call specialized firms, includes re-
tailers handling only bulk fertilizers and 
agricultural chemicals in addition to anhydrous 
ammonia. These firms are typically owned and 
operated by vertically integrated corporations. The 
other category, farm-supply firms, includes re-
tailers handling a complete line of farm supplies 
(e.g., feed, chemicals, petroleum, and grain) in addi-
tion to anhydrous ammonia. In 1970, sales of 
anhydrous ammonia in the nine-county region 
were about equally divided between specialized and 
farm-supply firms. 
RESEARCH METHOD, DATA, 
AND INITIAL RESULTS 
The procedure we used to estimate costs of re-
tailing anhydrous ammonia fertilizer in the Fort 
6 
Dodge region consisted of five main steps. First, we 
interviewed several retailers in the nine-county re-
gion to gather information about their retailing 
operations. Second, we specified 18 different 
"market conditions" (i.e., combinations of different 
levels of demand density, lengths of the application 
season, and market-share patterns) that we wanted 
to study. Third, for each of the 18 market condi-
tions we synthesized 10 different model retail firms 
that represent six different annual firm capacities 
and both farm-supply and specialized retailers. 
Fourth, we estimated retailing costs for each of our 
180 model retail firms (10 model firms for each of 
the 18 market conditions). And fifth, we used the 
cost estimates for our model firms to estimate 
several cost-volume relationships. 
These five steps are explained in more detail in 
the next five sections. A technical discussion of con-
cepts underlying steps two through five of our pro-
cedure is presented in Appendix A. Appendix B 
presents detailed information about capacities and 
fixed and variable cost estimates for the model re-
tail plants and delivery equipment. 
Retailer Interviews 
Through interviews with retailers in the Fort 
Dodge region during 1969 to 1971, we obtained in-
formation about the length of the anhydrous am-
monia application season, the sizes of the market 
areas served by individual retailers, individual re-
tailers' market shares, and the volume of anhydrous 
ammonia handled per season per nurse tank and per 
applicator. 
A series of interviews with 37 retailers revealed 
that almost the entire annual volume of anhydrous 
ammonia is applied during a 2-week period in the 
spring. Accompanying the trend toward increasing 
use of anhydrous ammonia as a source of nitrogen 
has been a trend toward application during a short 
preplanting season in the spring. For 37 retailers, 
the 1971 preplanting season lasted an average of on-
ly 15.6 days. During this 15.6-day period, these 37 
retailers delivered 93 percent of their total annual 
sales volume. 
Through analysis of the 1971 sales records of five 
retailers, we found that even retailers with relative-
ly large annual sales volumes did not make sales to 
farmers located more than 15 miles from their 
plants. And, for each of the five retailers, market 
share declined as distance from the plant increased. 
This last result is noteworthy because it is in sharp 
contrast to the assumption about market share used 
in earlier studies of anhydrous ammonia retailing; 
in those studies, it was assumed that the retailer's 
market share is uniform throughout his market 
area. 
Results of interviews with 28 retailers revealed a 
striking range in the annual sales volume per nurse 
tank and per applicator. The average annual sales 
volume for these 28 retailers was 770 tons (larger 
than the average for the nine-county area), and the 
average number of nurse tanks owned was 22, giv-
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ing an average annual sales volume per nurse tank 
of 35 tons. But some retailers utilized their nurse 
tanks much more efficiently than others; the range 
in annual volume per nurse tank was from 22 to 57 
tons. The average number of applicators owned was 
nearly 14, and the average annual volume per ap-
plicator was 57 tons. The range in annual volume 
per applicator was from 33 to 88 tons. 
We used information about the length of the ap-
plication season and about retailers' market shares 
that we gathered in these interviews, and some 
other information about demand density, to specify 
18 market conditions that we wanted to study. 
Market Conditions 
Table 1 shows the demand density, length of the 
application season, and market-share pattern for 
each of the 18 market conditions examined. Market 
condition 1 was specified to represent the demand 
density, season length, and market-share pattern 
faced by the typical north-central Iowa retailer. 
Demand density for anhydrous ammonia depends 
primarily on the number of acres per square mile 
devoted to corn production, the amount of nitrogen 
fertilizer used per acre of corn, and the proportion 
of nitrogen fertilizer supplied in the form of 
Tabl e 1. Demand densities , season l engths, and market- shar e patterns 
for 18 market conditions. 
Market Demand Seaso"b/ Marke~/ 
condition dens ity.!/ l ength- share-
l ......... .. Level I Regular Dec lining 
2 ··········· Level I Regu l ar Uniform 100 percent 
3 ..... .. .... Leve l I Regular Uni form 33 percent 
4 .... .... ... Level II Regular Declining 
5 ··········· Level III Regular Dec lining 
6 ··········· Level I Expanded Declining 
7 ...... ..... Level II Regular Uniform 100 percent 
8 ··········· Level II Regular Uniform 33 percent 
9 ·········· Level III Regular Uniform 100 percent 
10 ... ....... . Level III Regular Uni fonn 33 percent 
11 ..... ...... Level I Expanded Unifonn 100 percent 
12 ·········· Level I Expanded Unifonn 33 percent 
13 .. .. ... .... Leve l II Ex panded Dec l ining 
14 · · · · • · · · · · • Level II Expanded Uniform 100 percent 
15 ··········· Leve l II Expanded Unifonn 33 perce nt 
16 ........ ... Leve l III Expanded Dec lining 
17 ........... Leve l III Expanded Uniform 100 percent 
18 ··········· Leve l III Expanded Uniform 33 percent 
!I Demand density level I is 13. 8 tons of anhydrous ammonia per s quare 
mile, level 11 is 18.9 tons per s quare mile, a nd. level Ill i s 30 . 3 
tons per square mile . 
~/ the regular season length is 150 hours of application time, and the 
expanded season length is 180 hours of application time . 
~/ Under the declining market- share pattern,the retailer's market share 
declines with distance from his plant. Ur.der the uniform 100 per-
cent and uniform 33 percent patterns, the retailer's market share 
throughout his market area is a constant 100 percent and 33 percent, 
respectively, of total sales . 
anhydrous ammonia Considering these factors we 
estimated average demand density for the nlne-
county region to be 13.8 tons of anhydrous am-
monia per square mile (Heubrock, 1972, pp. 66-69). 
This is demand density level I. The survey results 
mentioned earlier suggest that the application 
season is about 15, 10-hour days, or 150 hours long. 
This is termed the "regular" season length. The in-
terview results also suggest that market share for 
a typical retailer is nearly 100 percent in the area 
within one mile from his plant, but that market 
share declines with distance from the plant and 
reaches zero within 15 miles from the plant. This is 
termed the "declining" market-share pattern. 
To find out how retailing costs would change if 
present market conditions change, we specified two 
alternative levels of demand density, an 
alternative season length, and two alternative 
market-share patterns. Demand density level II is 
18.9 tons per square mile and reflects an increase 
in the amount of anhydrous ammonia used per acre 
as compared with present conditions. Level III is 
30.3 tons per square mile and reflects a further in-
crease in per-acre use and an increase in the 
number of acres of corn per square mile. The 
alternative season length, labeled "expanded" 
season length in table 1, provided a 20-percent in-
crease in application time and corresponding in-
creases in hours available for plant operations, 
pickups, and nurse tanks. Under one alternative 
market-share pattern, labeled "uniform 100 per-
cent" in table 1, the retailer makes all anhydrous 
ammonia sales in the market area surrounding his 
plant. Competitors, therefore, make no sales in the 
retailer's market area. Under the other alternative 
market-share pattern, "uniform 33 percent" in ta-
ble 1, the retailer's market share is uniform (i.e., 
does not decline with distance from his plant), but 
he makes only one-third of the sales. Thus com-
petitors make two-thirds of the sales in the re-
tailer's market area. 
Model Retail Firms 
The third step in the analysis was to construct 
model retail firms for each market condition. Each 
model firm consists of a plant and a stock of de-
livery equipment. 
We constructed 10 model plants for both the 
regular and expanded seasons. Six of the 10 model 
plants for each season represent plants operated by 
farm-supply firms, and four represe~t plants of 
specialized fertilizer retailers. The available work-
ing hours and the average hourly and se~~nal 
capacities for the farm-supply and spec1al1zed 
plants for both season lengths are sho~ _in ta~le 2. 
The plant facilities for the four spec1al1zed firms 
are the same as those for the four smallest fa:m-
supply firms. Also, the plant facility for eac~ firm 
is the same in the expanded season as m the 
regular season. Note, however, that the averag_e-
hourly capacities in the expanded season are d1f-
7 
ferent from those in the regular season because in-
tensity of use is different. Seasonal capacities are 
larger for the expanded season because of the 
greater number of hours available. 
To complete the construction of the model retail 
firms for each market condition, we calculated the 
number of units of each type of delivery equipment 
to be combined with each model plant. To do this 
we first estimated, for each type of delivery equip-
ment and market condition, the number of hours of 
equipment time available per season and the 
amount of equipment time required per ton de-
livered. These estimates are shown in table 3. 
The first three rows of table 3 show the avail-
able working hours. For each season length, more 
hours are available for pickups than for ap-
plicators. The hours available for nurse tanks are a 
weighted average of the hours available for 
pickups and for applicators where the weights are 
the proportions of nurse-tank time spent with 
pickups and with applicators. 
Delivery equipment time requirements per ton 
delivered are shown in rows 4-8 of table 3. It was 
necessary to estimate two equipment time require-
ments for each type of delivery equipment for each 
market condition. One of these, the constant time 
requirement per ton, is the equipment time re-
quirement per ton that does not vary with the dis-
tance customers are from the retail plant. The 
other time requirement, the time requirement per 
ton per mile, is the additional equipment time re-
Table 2. Mode l plants: avai l ab l e working 
Regular season 
Hours Average 
ava ilable hourly 
Plant per season capacit y 
hours tons 
Farm-supply plant : 
1 180 2 ,5 
2 180 3.8 
3 180 5 .0 
4 180 10.0 
5 180 12. 8 
6 180 17.8 
Speci alized plant 
1 180 2 .5 
2 180 3 . 8 
3 180 5 .0 
4 180 10.0 
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Tab le 3. Delivery equipment: available working hours and t ime r equirements 
by type of e quipment and market condition. 
Season length a nd demand density 
Regular season Expanded season 
Demand Demand density Demand Demand density 
Item density level s density l eve l s 
level I II a nd II I l evel I II and Ill 
Hours available per season 
Applicators . .• .• ••. ,., 150 150 180 180 
Pickups,, •• ,, , •••••. ,. 180 180 216 216 
Nur se tanks •• , . .• ••. ,, 160 162 193 194 
Constant time requirement 
per ton, hr / ton 
Applicator s ••• , •. . . • , . l. 90 l.50 l. 92 l, 73 
Pickups . , • •.• • .• • , • • • • 0.23 0.22 o. 23 0.22 
Nur se tanks .. . •••. , ••• 2.64 2 .33 2.67 2 . 47 
Time requirement per t on 
per mile, hr/ ton/ mi 
Applicators , . . .. , ••. •. 0.017 0 .017 0.017 0 . 0 17 
Pickups and nurse 
t anks •• .•••. , •• • • , • . 0.033 0 .033 0.033 0 . 033 
quired per ton for each additional mile the 
customer is from the retail plant. As demand 
density increases (levels II and III vs. level I), the 
constant per-ton time requirement decreases, 
especially for applicators and nurse tanks because, 
with higher rates per acre, less time is required to 
apply each ton. As season length increases, the con-
stant per-ton time requirements increase because 
relatively less managerial attention is devoted to 
the anhydrous ammonia retailing enterprise of the 
hours and capacities by firm type and season length. 
Expanded season 
Hours Average 
Seasona l available hourly Seasonal 
capacity per season capacity capacity 
~ hours tons tons 
450 216 2 .6 550 
675 216 3.8 825 
900 216 5 . 1 llOO 
1800 216 9. 7 2100 
2300 216 12.5 2700 
3200 216 17 . 6 3800 
450 216 2 . 6 550 
675 216 3.8 825 
900 216 5.1 1100 
1800 216 9.7 2100 
-fir1r1. The per-ton per-mile time requirements are 
the same for all market conditions. 
We used the estimates in table 3 and the in-
equalities (9) and (19) in Appendix A to calculate 
the minimum number of units of each type of de-
livery equipment needed to deliver the capacity an-
nual volume of each plant for each market condi-
tion. Only six different delivery equipment com-
binations had to be calculated for each market 
condition because farm-supply and specialized 
plants of the same capacity require the same 
amount of delivery equipment. 
Fixed and Variable Plant and 
Delivery Costs 
The fourth step in our procedure was to 
estimate fixed and variable costs for both the plant 
and delivery operations of each of the 180 model re-
tail firms constructed in step three. 
Estimates of the total annual fixed cost, the 
fixed cost per ton at capacity, and the variable cost 
per ton for each plant, fi1·111 type, and season length 
are shown in table 4. Fixed plant costs are fixed in 
the sense that they do not vary with the amount of 
anhydrous ammonia sold by the retailer; e.g., in-
terest on investment in the plant facility. Variable 
plant costs, on the other hand, include cost items 
that do vary with the amount sold; e.g., operating 
labor. For a given fir111 type and season length, 
total annual fixed costs increase, but fixed costs per 
ton at capacity decrease as hourly capacity in-
creases. Also, for a given hourly capacity, fixed 
plant costs are higher and per-ton variable costs 
are lower for specialized than for farm-supply 
fir111s. For the expanded season, total annual fixed 
costs are higher but fixed costs per ton at capacity 
and variable costs per ton are lower than regular-
season costs for comparable annual capacities. The 
per-ton variable costs for a given fir111 type and 
season length are the same for the three smallest 
plants because the storage vessels, plumbing 
systems, and pumps are the same. 
Estimates of the annual fixed costs per unit of 
each type of delivery equipment and variable de-
livery costs per ton for each market condition are 
shown in table 5. Total annual fixed costs include 
Tab le 5 . Delivery operation: fixed costs for applicators, pickups, ~nd 
nurse t anks, and variable delivery costs by market cond ition. 
Season length and demand dens ity 
Regular season 
Item 
Demand 
density 
level l 
Annua l fixed cos t pe r unit 
Applicato r s , $ ••••••• 287 
Pickups, $ . . .....•..• 299 
Nurse t anks, S . • . . . • . 15 7 
Cons tant va riable delivery 
cos t pe r t on, $/ t on . •• .. 3 . 91 
Variable de livery cost pe r 
ton pe r mile, $/ t on/mi .. 0 .1 71 
Demand density 
leve ls 
11 and Ill 
325 
299 
157 
3. 68 
0. 171 
Expanded 1eaaon 
Demand 
dens ity 
level I 
300 
299 
15 7 
l .9l 
0. 171 
Demand dens ity 
levels 
II and 111 
312 
299 
157 
3.64 
0 . l 71 
Table 4 . Pl a nt operation: fixed and variable costs by finn type and season length. 
~------------~----------------~---------
Regular season Expanded season 
Total Fixed cost Variable Total Fixed cos t Variable 
Plant annual Seasonal per ton a t cos t annual Sea sonal per ton at cos t 
fixed cost capacity capac ity per ton fixed co s t capacity capac ity per ton 
dolla r s dollars dollar s dolla r s 
dollars tons per ton Eer ton dolla r s tons per ton per ton 
Fann-supply pl ant: 
1 1550 450 3 . 44 4 . 30 1664 550 3 . 03 3 . 95 
2 1855 675 2 .75 4 .30 1975 825 2 . 39 3 . 95 
3 2145 900 2 . 38 4 . 30 2274 1100 2 . 07 3 . 95 
4 3630 1800 2 . 02 3 . 98 3808 2100 1 . 81 3. 67 
5 -..604 2300 2 . 00 3 . 80 4831 2700 1 . 79 3 . 52 
6 6196 3200 1 . 94 3.60 6453 3800 l . 70 3.35 
Spec i a lized plant: 
l 4045 450 8 . 99 3.47 4620 550 8 . 40 3.21 
309 675 6.38 3.47 4884 8l5 5 . 92 3.21 ? -
3 4559 900 5.07 3.~7 5l34 1100 4.67 
- ? J .... 
7569 l 00 4.2 3 . 19 8115 2100 3 . ... 6 2 . 92 
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costs of owning the delivery equipment, and varia-
ble delivery costs per ton include costs of operating 
the delivery equipment. As demand density and 
season length change, annual fixed costs for ap-
plicators change because different combinations of 
applicators are used. As demand density increases, 
more large applicators are used, and, as season 
length increases, more machines designed for fall 
application and side-dressing during postplanting 
season are used. Changes in demand density and 
season length change applicator and labor costs per 
ton and, therefore, change constant variable de-
livery costs per ton. 
Cost-Volume Relationships 
The fifth step in our procedure involved using 
the cost estimates in tables 4 and 5 to estimate 
"short-run" and "long-run" plant, delivery, and re-
tail-distribution cost-volume relationships. 
We estimated short-run cost-volume rela-
tionships for the plant, delivery, and total retailing 
(retail-distribution) operations of each of the 180 
model retail firms. The short-run plant cost-volume 
relationship for each firm was estimated by 
calculating the plant cost per ton for each of 
several levels of annual volume up to the annual 
capacity of the firm. The plant cost per ton is the 
sum of the fixed plant cost per ton (i.e., total annual 
fixed plant costs divided by annual volume) and 
the variable plant cost per ton. To estimate the 
short-run delivery cost-volume relationship for 
each firm, we calculated the delivery cost per ton 
(i.e., the sum of fixed and variable delivery costs 
per ton) for each of several levels of annual volume 
up to firm capacity. We summed the short-run 
plant and delivery cost-volume relationships for 
each firm to obtain an estimate of the firm's short-
run retail-distribution cost-volume relationship. 
Finally, we estimated long-run plant, delivery, 
_and retail-distribution cost-volume relationships 
for both specialized and farm-supply firms for each 
market condition. Long-run costs are the lowest at-
tainable costs for different levels of annual volume 
when the capacity of the retail firm is allowed to 
vary. We used the plant, delivery, and retail-
distribution costs at the capacity annual volume of 
each model firm that represented a given firm type 
and market condition to estimate the long-run cost-
volume relationships for that market condition and 
firm type. 
The estimates of the short-run and long-run 
cost-volume relationships that we obtained in step 
five are presented and discussed in the next sec-
tion. 
SHORT-RUN AND LONG-RUN 
COST RESULTS 
Short-Run Cost-Volume 
Relationships 
The short-run cost-volume relationships show, 
for each model firm, the costs per ton a relatively 
efficient retailer would incur at each of several 
levels of annual volume up to annual firm capacity. 
With these results, costs per ton at capacity can be 
compared with costs per ton at subcapacity levels 
of annual volume. 
The short-run cost results for farm-supply firm 
Table 6, Short-run cos t es timates for model farm supply firm 2 with market condition 1. 
Market condition 
Season length: 
Market share: 
Demand density : 
150 hours available for appl i cation, 
dec lining with distance from pla nt. 
13,8 tons of a nhydrous ammonia per square mile . 
Market area Delivery costs per ton 
Capacity annual volume: 675 t ons 
9 Number of applicators: 
Number of pickups: 2 
Number of nurse tanks: 
Plant costs per ton 
12 
Retail distribu-
tion cost 
per ton 
Annual volume Radius 
Average hauling 
distance Fixed Variab l e Total Fixed Variab l e Total 
~ miles miles 
100 3,3 1,7 $49.03 $4.19 $53, 22 $18,55 $4.30 $22 .85 $76.07 
200 4.7 2,3 24.51 4.31 28 .82 9,27 4.30 13.57 42.40 
300 5 .7 2 .9 16.34 4 . 40 20.74 6.18 4 . 30 10.48 31. 22 
400 6. 6 3 . 3 12 , 26 4.47 16 .73 4 .64 4 ,30 8.94 25 .67 
500 7 . 4 3 .7 9.81 4 . 54 14 . 35 3 . 71 4 , 30 8.01 22 . 36 
600 8.1 4.0 8.17 4.60 12. 77 3.09 4 . 30 7 .39 20.16 
675 8,6 4 .3 7.26 4. 64 11. 91 2 .75 4 , 30 7.05 18.95 
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2 and market condition 1 (demand density level I, 
regular season, and declining market share) are 
shown in table 6. This is the model firm and 
market condition most representative of north-
central Iowa. The top section of the table describes 
the market condition and shows the annual 
capacity plant volwne and the nwnber of units of 
each type of delivery equipment needed to deliver 
this annual capacity volwne. In the body of the ta-
ble, information about the size of the retail market 
area, and ·about delivery, plant, and retail-
distribution costs per ton is presented for each 
100-ton volume increment up to the capacity an-
nual volwne. The size of the retail trade area is 
described both by the radius, which is the distance 
from the plant to the outer edge of the market area, 
and by the average hauling distance, which is the 
average one-way road distance the retailer must 
travel per ton of anhydrous ammonia delivered. As 
annual volwne increases, the radius of the market 
area, the average one-way hauling distance, and 
the variable delivery costs per ton increase; vari-
able plant costs per ton, remain constant; and the 
remaining costs per ton, including retail-
distribution costs per ton, decrease. 
The results in table 6 show only one of the 180 
sets of short-run. cost results calculated, but they 
are typical of the remaining 179 sets in two impor-
tant respects. First, plant delivery, and retail-
distribution costs per ton are lower at capacity 
than at subcapacity levels of annual volwne. And 
second, at capacity levels of annual volwne, de-
livery costs are higher than plant costs. For each 
market condition, delivery costs account for at least 
50 and up to 75 percent of retail-distribution costs 
for all model retail firms except the smallest 
specialized firm. 
Long-Run Cost-Volume 
Relationships 
The long-run cost-volume relationships show, 
for the model retail firms representing each firm 
type-market condition combination, the costs per 
ton incurred when each firm is operated at its an-
nual capacity volwne. The long-run cost results for 
a given firm type and market condition can be used 
to compare costs per ton for retail firms of different 
capacities and to identify the model firm that in-
curs the lowest cost per ton when each firm is 
operated at capacity. The long-run cost results also 
make possible comparisons of costs per ton at 
capacity between firm types and between market 
conditions. 
Table 7 summarizes the long-run cost results 
for the market condition most representative of 
north-central Iowa (market condition 1) and the 
five market conditions in which market condition 1 
is modified by substituting, one at a time, the two 
alternative market-share patterns, the two 
alternative demand-density levels, and the 
alternative season length. Results on the left are 
for farm-supply firms, and those on the right are 
for specialized firms. Different sections present re-
sults for different market conditions. The sections 
are numbered to correspond with the numbering of 
the market conditions in table 1. The first five sec-
tions present results for the regular season, so the 
levels of seasonal volume and corresponding plant 
costs for the regular season in the first two lines of 
the table apply for all these sections. The results in 
section 6 are for the expanded season, and levels of 
seasonal volwne and plant costs for the expanded 
season are shown above this section. 
First, look at section 1 and the lines above it for 
farm-supply firms. These results are for market 
condition 1: regular season, demand density level I, 
and declining market share. Notice that, when 
each model firm is operated at its capacity level of 
annual volume, plant costs per ton decrease and de-
livery costs per ton increase, but not continuously, 
as the capacity level of annual volwne increases. 
For capacity levels of annual volwne up to 900 
tons, plant costs per ton decrease faster than de-
livery costs per ton increase, so retail-distribution 
costs per ton decrease. Thereafter, delivery costs 
per ton increase faster than plant costs per ton 
decrease, and retail-distribution costs per ton in-
crease. So, for this market condition, plant 3 and 
the units of delivery equipment shown below it 
form the least-cost farm-supply firm. The last line 
shows the radius of the market area (in miles from 
the plant location) served by each firm. 
The long-run cost results for the farm-supply 
and specialized firm types for market condition 1 
can be compared by comparing the left and right 
sides of section 1. Delivery costs per ton at capacity 
are the same for the two firm types. But plant costs 
per ton at capacity for the specialized firms are 
higher than for the farm-supply firms, and they 
decline more sharply with increases in volume. 
Because of this, retail-distribution costs per ton at 
capacity are higher for specialized firms than for 
farm-supply firms at each level of annual volume, 
and they decrease as annual volume increases to 
1800 tons. Plant 4 and the delivery equipment 
shown below it form the least-cost specialized firm. 
Compared with the least-cost farm-supply firm, 
this firm has twice the annual capacity, and retail-
distribution costs per ton are $1.48 higher. 
In section 2, the market condition is the same 
as for section 1 except that a uniform 100-percent 
market share replaces the declining market share. 
When each model firm is operated at its annual 
capacity volume, delivery costs per ton, retail-
distribution costs per ton, delivery equipment re-
quirements (for the two largest levels of annual 
volume), and the market-area radius are less for 
this uniform 100-percent market share than for the 
declining market share. The least-cost farm_-supply 
firm is larger (2300 tons as compared with 900 
tons), and the minimum retail-distribution cost per 
ton is lower ($17.96 as compared with $18.48). The 
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largest specialized firm is the least-cost specialized 
firm for both market conditions. 
The market condition in section 3 is the same 
as in section 1, except that a uniform 33-percent 
market share replaces the declining market share. 
Compared with section 1, delivery costs per ton and 
retail-distribution costs per ton are higher at the 
capacity annual volume of each firm, and the 
lowest retail-distribution costs per ton are achieved 
at the capacity annual volume of a smaller farm-
supply firm. (Notice, however, that retail-
distribution costs per ton at capacity are equal for 
farm-supply firms 2 and 4). The last lines of sec-
tions 1 and 3 show that the radius of the market 
area required for a given volume is the same for 
the two market-share assumptions. But delivery 
costs are higher with a uniform 33-percent market 
share because a smaller proportion of sales is made 
close to the plant so that longer hauls and more de-
livery equipment are required. 
Sections 4 and 5 present results for a market 
condition similar to that in section 1, except that 
demand density is higher. As density increases, de-
livery and retail-distribution costs per ton at the 
capacity annual volume of each firm are reduced, 
and the annual capacity of the least-cost farm-
supply firm increases. 
Finally, the market condition depicted in sec-
tion 6 is the same as the market condition in sec-
tion 1, except that the season is expanded. When 
each model firm is operated at its annual capacity 
volume, both plant and delivery costs are lower in 
section 6 than in section 1, and the annual capacity 
of the least-cost farm-supply firm is more than 
twice as large. The retail-distribution cost per ton 
at the capacity annual volume of the least-cost 
farm-supply firm for this market condition is $1.26 
per ton lower than the retail-distribution cost per 
ton at the capacity annual volume of the least-cost 
farm-supply firm for market condition 1. 
The results in table 7 show that, when retail 
firms are operated at their annual capacities, firms 
with larger capacities have lower plant costs per 
ton but higher delivery costs per ton than firms 
with smaller capacit ies. Therefore, if firms are 
operated at their annual capacities, retail-
distribution costs per ton decline as firm capacity 
increases up to a point, but further increases in 
firm capacity increase retail-distribution costs per 
ton. This happens for farm-supply firms for all ex-
Table 7. Estima t ed l ong-run costs pe r ton, delivery equipment r equ irements, and marke t a r ea size s for six selected mar ket 
conditions 
I t em Farm-sueel~ firm : Seec i alized f irm: 
3 4 5 6 2 3 4 
Regul a r season 
Annua l volume (tons) 450 675 900 1800 2300 3200 450 675 900 1800 
Pl ant cost per ton $ 7. 74 $ 7.05 $ 6 . 68 $ 6. 00 $ 5. 80 $ 5. 54 $12.46 $ 9 . 85 $ 8 .54 $ 7. 39 
Demand density l evel I 
Sec t i on 1: dec lining mar ke t sha r e 
Delive r y cos t per t on $11.55 $11.91 $11. 80 $12 .55 $12 .78 $13 . 03 $1 1. 55 $11. 91 $11 . 80 $12 .55 
Re t ail - dis t. cos t per ton a $19 , 29 $18 . 95 $18. 48* $18 .55 $18 .58 $18. 5 7 $24 ,01 $21. 76 $20. 33 $19 . 95** 
No . pickups 2 2 5 10 1 2 2 5 
No. nurse tanks 8 12 16 33 42 59 8 12 16 33 
No . applicators 6 9 12 25 32 44 6 9 12 25 
Radius of market area (miles) . 7. 0 8.6 9.9 14, 0 15.8 18 , 7 7 .o 8 . 6 9. 9 14. 0 
Section 2: 100% mar ket s hare 
De l i very cos t per ton $11 . 41 $11. 74 $11. 60 $12. 04 $12.15 $12. 52 $11 . 41 $11. 74 $11 . 60 $12 . 04 
Retail - dist. cos t per ton a $19 . 16 $18.79 $18,29 $18.04 $17 . 96>< $18 . 06 $23 . 87 $21.59 $20 . 14 $19 . 43** 
No . pickup s 2 2 5 6 9 2 2 5 
No. nurse tanks 8 12 16 32 41 58 8 12 16 32 
No. applicators 6 9 12 24 31 44 6 9 12 24 
Radius of market area (miles). 4,0 5 , 0 5 . 7 8 . 1 9 . 1 10.8 4 . 0 5 . 0 5 . 7 8 . 1 
Section 3: 33% market s hare 
Delivery cost per ton $11.75 $12 , 15 $12.89 $13 . 20 $13 . 43 $14 . 07 $11 . 75 $12 . 15 $12 . 89 $13,20 
Retail-dis t . cos t per ton a $19.49 $19 . 20>'< $19,57 $19 . 20 $19.23 $19 . 60 $24 . 21 $22 , 00 $21. 42 $20.60** 
No . pickups 2 3 6 8 12 2 3 6 
No. nurse tanks 8 12 17 34 43 62 8 12 17 34 
No. applicators 6 9 13 25 32 46 6 9 13 25 
Radius of market area (miles) . 7, 0 8 . 6 9.9 14.0 15 .8 18.7 7. 0 8.6 9 . 9 14.0 
aExcept for rounding, re t ail-di s tribution cost per ton is plant cost per ton plus delivery cos t per ton. 
"' Leas t-cost farm-supply firm . 
''*Leas t-cost spec ial ized firm. 
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cept one of the six market conditions. 
The results in table 7 also show that changes in 
market conditions markedly change (a) the retail-
distribution costs per ton at the capacity annual 
volume of each firm and (b) the capacity annual 
volume of the least-cost farm-supply firm. For the 
six market conditions in table 7, the capacity an-
nual volume of the least-cost farm-supply firm 
ranged from 675 to 3200 tons, and minimum retail-
distribution costs per ton for farm-supply firms 
ranged from $16.49 to $19.20 per ton. The largest 
specialized firm was least cost of all specialized 
firms, but higher cost than the least-cost farm-
supply firm, for all six market conditions. 
The long-run cost results for the remaining 12 
market conditions are shown in Appendix C. 
Considering these results and those in table 7, the 
least-cost farm-supply firm was firm 2 for one 
market condition, firm 3 for two market conditions, 
firm 4 for five market conditions, firm 5 for six 
market conditions, and firm 6 for four market con-
ditions. Minimum retail-distribution costs per ton 
were highest ($19.20 per ton) for the market condi-
tion in section 3 of table 7 and second highest for 
market condition 1. Retail-distribution costs per 
ton were lowest ($14.86 per ton, minimum) for the 
market condition involving an expanded season, a 
uniform 100-percent market share, and demand 
density level Ill. Among s~ialized firms, the 
largest firm was always least-cost and always 
higher cost that the least-cost farm-supply firm. 
Cost-Reducing Adjustments for a 
Typical Retailer 
These short-run and long-run cost results can 
be used to suggest adjustments that a typical re-
tailer might make to reduce his costs. These adjust-
ments might involve making more efficient use of 
the plant and delivery equipment he already owns, 
adding capacity to his firm, or attempting to alter 
the market condition. His preference among these 
alternatives would probably depend in part on the 
expected cost savings of each. 
To estimate these cost savings we first 
estimated costs for a typical north-central Iowa re-
tailer. Earlier, it was pointed out that, in 1972, the 
average annual volume for a retailer in north-
central Iowa was. 521 tons. Average amounts de-
livered per nurse tank and per applicator were 
about 35 and 57 tons per season, respectively. To 
this information we added these assumptions: that 
the demand density, season length, and market 
share of a typical retailer are approximated by our 
market condition 1; that the retailer uses one 
pickup, which is the number required for an an-
nual volume of 521 tons for this market condition; 
that his plant is comparable to our model farm-
supply plant 2; and that his plant costs are those 
given by our short-run cost results for this plant 
and market condition. Using this information and 
these assumptions, we calculated the nurse tank 
and applicator requirements and what are prob-
ably cons_erv_ati~e e~timates of the plant, delivery, 
and reta1l-d1stnbution costs of a typical retailer. 
These are shown in the left column of table 8. 
Table 8. Delivery equipment requirements and costs for a typical retailer 
and a retailer making efficient use of delivery equipment, 
Item 
Annual sales volume in tons • , . . . . . . . 521 
Units of delivery equipment required : 
Applicators 10 
Nurse tanks . • , . . . . , . . . . . . . 15 
Pickups , , . ............. . 
Efficient 
retailer~/ 
521 
Fixed delivery cost per ton ••••••••• $10.26 $6 .90 
Variable delivery cost per ton . • . . . . . 4.55 4.55 
Plant cost per ton . . . . . . . . • . . . . 7.86 7.86 
Retail-distribution cost per ton ... , , . $22,67 $19.31 
!/ Typical retailer delivers 57 tons per applicator, and 35 tons per nurse 
tank, per season. 
]?./ Efficient retailer delivers 75 tons per applicator, and 58 tons per 
nurse tank, per season. 
These results can be compared with those in the 
right column of table 8. The latter are delivery 
equipment requirements and cost estimates for a 
retailer similar to the typical retailer, except that 
the nurse tank and applicator efficiencies are in-
creased to levels achieved by the more efficient re-
tailers interviewed (and the levels we used in our 
cost analysis). The comparison shows that, by in-
creasing his nurse tank and applicator efficiencies 
to levels already achieved by some retailers, a 
typical retailer could reduce his average retail-
distribution costs by $3.36 per ton, or by 15 percent. 
The typical retailer could realize further, but 
less substantial, cost savings by increasing his an-
nual volume to firm capacity, or by increasing his 
plant and delivery capacity and annual sales 
volume to the least-cost level for market condition 
1. Table 6 shows that, by increasing his sales 
volume to the capacity level for farm-supply firm 2 
(675 tons), retail-distribution costs could be re-
duced to $18.95 per ton. Section 1 in table 7 shows 
that, if plant and delivery capacity annual sales 
volume were increased to 900 tons, retail-
distribution costs would drop to $18.48 per ton. 
Combined, these two adjustments offer potential 
additional cost savings of only $0.93 per ton. 
In addition to these adjustments, a typical re-
tailer might consider attempting to alter the 
market condition by expanding the application 
season. Our results indicate that, for the plant and 
annual volume assumed in table 8, retail-
distribution costs could be reduced to $18.42 per 
ton if the season were expanded by 20 percent and 
if delivery equipment were used efficiently. Retail-
distribution costs could be further reduced to 
$17 .22 per ton if firm size is expanded to the least-
cost size shown in section 6 of table 7. 
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CONCLUSIONS 
The results of this study suggest that anhydrous 
ammonia retail-distribution costs per ton are lowest 
when retailing firms are operated at their capacity 
levels of annual volume and that delivery costs are a 
relatively more important component of retail-
distribution costs than are plant costs. For each of 
the 180 model retail firms analyzed in this study, re-
tail-distribution costs per ton were lower at capacity 
than at subcapacity levels of annual volume. For 
nearly all the model firms, delivery costs account~d 
for between 50 and 7 5 percent of total retail-
distri bution costs. 
Our results also suggest that retail-distribution 
costs per ton at firm capacity are about the same for 
small- and large-capacity firms, that farm-supply 
firms incur lower costs than specialized firms, and 
that increases in retailers' market shares, demand 
density, and length of the application season reduce 
retailing costs. When large retailing firms are 
operated at capacity, they incur lower plant costs 
per ton but higher delivery costs per. toi: t~an 
smaller retailing firms. Total reta1l-d1stnbution 
costs per ton at capacity, then, are about the same 
for large and small retailing firms. For the market 
condition representative of north-central Iowa, re-
tail-distribution costs per ton at capacity for farm-
supply firms decrease slightly as annual firm 
capacity increases to 900 tons, and increase slightly 
as annual firm capacity increases beyond 900 tons. 
For specialized retailers, retail-distribution costs 
per ton at capacity are higher than for _farm-supJ?lY 
retailers, and they decrease as annual firm capacity 
increases to 1800 tons. Retail-distribution costs per 
ton at the capacity annual volume of each farm-
supply and specialized firm are lower for market 
conditions with the 100-percent uniform market 
share, with higher demand density (levels II or III), 
or with an expanded application season. 
According to our results, the most promising 
alternatives for a typical retailer who wishes to re-
duce his costs are to make more efficient use of his 
delivery equipment and to encourage farmers to 
apply more anhydrous ammonia outside the pre-
plan ting season. Increasing the annual sales 
volume to firm capacity or increasing both firm 
capacity and sales volume to least-cost levels 
promises modest cost reductions. Increasing 
market share and (or) demand density would lead 
to significant cost reductions, but the retailer 
probably has little control over either of these. 
These results should help to eliminate some of 
the confusion left by earlier studies of anhydrous 
ammonia retailing costs. They do not support 
findings of two earlier studies (Rudel and Walsh, 
1970, and Rathjen, 1970) that retailing costs per 
ton drop sharply as firm capacity increases to 
14 
about 2500 tons per year. Rather, our results sup-
port the findings of the study by Anderson, 
Jorgensen, and Nelson (1972) that increasing firm 
size does not sharply reduce retailing costs per ton 
but will eventually even increase them. Our study 
extends this 1972 study by including applicator 
costs and by examining the impacts of alternative 
market-share patterns and an alternative season 
length on retailing costs. 
Al though our study is free of some of the 
shortcomings of earlier studies, it is not without 
limitations. For example, because the analysis 
dealt with only one of several enterprises typically 
engaged in by retailers, arbitrary allocation pro-
cedures had to be used in several instances to as-
sign costs to anhydrous ammonia The results may 
have been more accurate and more useful had we 
been able to consider the whole multiproduct firm. 
This is an area needing further study. 
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APPENDIX A: CONSTRUCTION AND ESTIMATION OF COST FUNCTIONS, 
AND ESTIMATION OF RETAILING COSTS 
The procedure we used in our cost analysis re-
quired that we identify factors affecting plant, de-
livery, and retail-distribution costs; that we con-
struct cost functions (i.e., relate factors identified to 
short-run and long-run plant, delivery, and retail-
distribution . costs); that we estimate values for 
parameters in the cost functions; and that we use 
the estimated cost functions to estimate retailing 
costs. A technical discussion of this procedure is in-
cluded here. 
Plant Costs 
A retailer's total annual plant costs depend on 
the type of firm (specialized or farm-supply) he 
operates, hourly plant capacity, average sales 
volume per hour during the application season, and 
the total number of hours in the application season. 
This relationship may be represented by: 
(l)TPCi = F 1i + (F2)qH, q ~ ki 
where 
TPCi = total annual plant costs for the i-th firm 
type, 
F Ii = F li(ki, H), 
ki = ki(ci, H), 
ki = maximum hourly output that can be 
achieved with good management and usual 
operating conditions, 
ci = rated or design capacity per hour of the 
plant facility, 
F 2i = f 2i(ki, H), 
H = numberofhoursperseason,and 
q = average sales volume per hour. 
The expected signs of the partial derivatives are: 
ok/oci > o, 
aF!i/aci = (ofli/ak)(ok/ac) > o, 
aFiJaH = (ofi/ok)(ak/aID + afiJoH > o, 
o F 2/ o ci = ( o f2/ o k)( o k/ o c) < 0, and 
o F 2/ o H = ( o f2/ o k) ( o k/ o H) + o f2/ o H < 0. 
To obtain a short-run cost function from equation 
(1), we select a plant capacity, ci = C, so that 
k. = k .(C, H) = K. Then, total short-run plant c~sts (STPC;) may 1be expressed as a function of an-
nual sales volume (Q): 
(2) STPC; = fli(K;, H) + [f2;(K;, H)]Q 
where Q = qH and q <S K;. The first expressio:r:i on 
the right-hand side of equation (2) represents fixed 
plant costs. The second expression on the right-h~nd 
side is total variable costs, and the express10n 
multiplying Q is variable costs per ton. . . . 
To derive the long-run plant cost funct10n, it is 
necessary to find, for each level of volume, the 
capacity of plant that minimizes total costs and then 
to relate the minimum cost of-producing each level 
of annual volume to annual volume. For equation 
(1), so long as 
o(TPC)!oci = aF!i/oc; +<a F2/ a c)qH >0 
the cost of producing any annual volume Q ( = qH) 
will be minimized if plant capacity, c., and 
• I 
therefore maximum hourly output, k; = k/c;, H), 
are as small as possible; i.e., if k; = q. If we assume 
this condition holds, the long-run total plant cost 
function is obtained from equation (1) by setting 
q = k; so that k; = Q/H and: 
(3) LTPC; = f1;(Q/H, H) + [f2;(Q/H, IDJ Q. 
This long-run cost function is particularly conve-
nient for empirical analysis because it can be 
estimated by simply connecting the end points of 
several short-run cost functions. 
Delivery Costs 
The other component of retail-distribution costs 
is delivery costs. A retailer's total annual delivery 
costs depend on his annual sales volume. But a 
number of factors affect this cost-volume rela-
tionship. For a given annual sales volume, delivery 
costs will be higher the greater the amount of de-
li very equipment required and the greater the 
number of miles that must be traveled in making 
deliveries. But the amount of delivery equipment 
required is affected by the season length, and both 
the amount of delivery equipment required and the 
number of miles traveled in making deliveries are 
affected by demand density and market share. 
Delivery costs, then, are a function of annual sales 
volume, season. length, demand density, and 
market share. 
Uniform market share 
In an article dealing with assembly cost func-
tions for agricultural processing firms, French 
(1960) presented a framework that may~ used. to 
derive the delivery cost function. Of particular m-
terest is a case that French examined in which he 
assumed that demand density is uniform in the 
firm's market area, that the firm has a uniform 
market share and that the market area is served 
by a square-W-id system of roads such as i~ found i.n 
north-central Iowa. In this case, hauling distance is 
minimized if the market area served is shaped like 
a square grid tilted 45° to the road network. 
The total short-run delivery costs incurred by a 
retailer are the sum of variable and fixed delivery 
costs. ted . h 
Variable delivery costs are costs associa wit 
operating delivery equipment. For an annual 
volume Q: 
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(4)TVDC = (b0 + bp)Q 
where 
TVDC = total variable delivery costs, 
H) = the constant cost per ton as-
sociated with loading, unloading, 
and average waiting time for de-
mand density P and season 
length H, 
b = the cost per ton per mile that includes 
1 driver labor, gasoline, and maintenance 
costs, and 
D = the average road distance traveled per ton 
of fertilizer delivered. 
For a tilted square market area for which the road 
distance from the retail outlet to any boundary of 
the market area is R miles, annual sales volume is: 
(5)Q = 2PMR2 
where P is demand density in tons per square mile, 
M is the fraction representing the retailer's uni-
form market share, and D is given by 
(6) D =(total ton miles)/( total tons hauled) 
R R-x 
= 4PM!Qf0 foCx + y)dydx = 2R/3. 
Thus, equation ( 4) may be expressed as: 
(7) TVDC = (b0 + B~Q'h)Q 
where 
B 1 = (0.4714)b1(PM) - 'h. 
It is clear from equation (7) that total variable de-
livery costs are a function of annual sales volume, 
variable delivery costs per ton and per ton per mile, 
demand density, season length, and market share. 
Fixed delivery costs are costs associated with 
owning delivery equipment; they depend on the 
number of units of delivery equipment owned and 
on the annual cost of owning each unit. 
The number of units of delivery equipment a re-
tailer owns determines his annual delivery capaci-
ty much the same as his plant size determines his 
annual plant capacity. The number of units of de-
livery equipment required to deliver Q tons during 
a season in which there are H working hours is 
given by: 
(8) n ~ T/H = (g0 + g1D) Q/H 
where 
n =the number of units of delivery equipment 
required, 
T = the total number of hours of delivery time 
required per season, 
g0 = g0(P, H) = the constant time requirement 
per ton for demand density P and 
season length H, and 
g 1 = the time requirement per ton per mile. 
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By using equations (5) and (6), the inequality (8) 
can be expressed as: 
(9) n ~ (g0 + G 1Q..,,) Q/H 
where 
G 1 = g 1B/b1• 
If only one type of delivery equipment is re-
quired, total annual fixed delivery costs (TFDC) 
can be expressed as: 
(10) TFDC =Zn ~ Z (g0 + G 1Q..,,) Q/H 
where Z = Z (P, H) is the annual fixed cost for a 
single unit of delivery equipment with demand 
density P and season length H In anhydrous am-
monia retailing, three different types of delivery 
equipment are required, so delivery costs are given 
by: 
3 
(ll) TFDC =l Zpi. 
i ; 1 
For a given annual volume, gcv g" H, and therefore 
n, may be different for different types of delivery 
equipment. 
To derive the short-run delivery cost function, 
assume that there is only one type of delivery 
equipment. Then, total short-run delivery costs 
(STDC) are given by: 
(12) STDC = (b0 + B,Q ..,,) Q +ZN, Q .::;; Qc 
where Qc is the capacity annual volume for N units 
of delivery equipment. An expression for Qc may be 
obtained by replacing the inequality in (9) with an 
equality and solving for Q. By using Cardan's 
formulas (Rosenbach et al., 1958) for the solution of 
the cubic equation, if 
V = (1127)[ (-l/3)(g01G/l 3 
+ 114 [-NH/GI + (2/27)(gofG /l 2 > 0 
then 
Q = [A"3 + B''3 - (l/3)(g /G )] 2 
c 0 I 
where 
A= (-1/2)[-NH/G1 + (2/27)(gJG/l + V 112 
and 
B = (-112)[ -NH/G1 + (2/27)(gofG/l - V 112• 
The long-run delivery cost function is obtained 
by selecting, for each level of volume, the amount 
of delivery equipment that minimizes total delivery 
costs and then relating minimum total delivery 
costs for each level of volume to annual volume. If 
we continue to assume that a single type of de-
livery equipment is required, total delivery costs 
are given by: 
(13) TDC = (b0 + B1Q'h)Q +Zn 
where n satisfies the inequality in (9). Because 
a (TDC)/ a n = z > o 
f 
• 
s 
to~! d~liv~ry costs for any annual volume Q are 
1D1n1~1zed if the number of units of delivery equip-
ment is as small as possible. H we assume for the 
moment that units of delivery equipment are 
divisible, ~he inequality in (9) can be replaced by 
an equality, and total long-run delivery costs 
(LTDC) are given by: 
(14) LTDC = [b0 + B1Q1~ + Z (g0 + G 1Q112)/H] Q. 
Again, this long-run delivery cost function is con-
venient for empirical analysis because it can be 
estimated by connecting the end points of several 
short-run total delivery cost functions. 
Declining market share 
The derivation of the cost functions in equations 
. (12) and (14) was based on the assumption that 
market share (M) is unifo1111 throughout the re-
tailer's trade area; i.e., 
M=m0 
where 0 ~ m0 ~ 1. But this assumption is not con-
sistent with the results of our survey of retailers in 
north-central Iowa. 
An alternative assumption is that market share 
·(M) is a linearly declining function of road distance 
from the retail outlet (r ), or 
(15)M = m 0 - m 1r 
where 0 < m 0 ~ 1, and m 1 ~ 0. A special case of 
(15), where m 0 = 1 and m 1 = 1/R, provides a good 
approximation of the survey results. That is, we as-
sume that market share is 100 percent at the retail 
outlet and that it declines linearly with road dis-
tance (r) from the outlet until it reaches zero at a 
distance of R miles. 
With this assumption about the retailer's market 
share, total variable delivery costs are given by 
equation (4). But the retailer's annual sales volume 
in a market area for which the road distance from 
the retail outlet to any boundary of the market 
area is R miles is: 
R R-x 
(16)Q = 4P f
0
J, [m0 - mt(x + y)]dydx = 
4PR2 [m0/2 - m 1R/3] = 2PR
2/3. 
This equals the sales volwne obtained from a 
market area of this size if market share is a uni-
form 33 percent [cf. equation (5) ]. Then, for this 
market-share assumption, 
R R-x 
(17) D = 4P/Q fo J: [m0 - m 1(x + y)) 
(x + y) dydx = R/2. 
Finally, by using equations (16) and (17), ootal 
VBJ'"iable delivery costs are given by: 
(18) TVDC = (b0 + B2Q~)Q 
whe1·e 
B
2 
= (0.6124)b
1
P - ''=. 
Equation (18) can be compared with equation (7), 
the t?tal variable delivery cost function, assuming 
a un1f or1n market share, by comparing B and B 
This comparison reveals that 
1 
2" 
B2 ~ B 1 asM~0.5926 
where M is the unifo1111 market share assumed in 
equation. (7). There are two implications. First, 
other things equal, a market share that declines 
acc~rding to _equation (15) results in greater total 
variable delivery costs than a unifo1·111 market 
share if the unifo1111 share is greater than 0.5926, 
and lower total variable delivery costs than a 
uniform share if the unifor1n share is less than 
0.5926. Second, since B1 and B 2 are equal if M is 
0.5926, we can use equation (7) and a unifo1·1n 
market share of 0.5926 to obtain the total variable 
delivery cost function for a linearly declining 
market share . 
These two implications also apply to fixed de-
li very costs. By using equations (16) and (17), the 
inequality in (9) becomes 
(19) n ~ (g
0 
+ G
2
Q '-!?) Q/H 
where 
Gz = g1B2lb1. 
Thus, 
G2~G 1 as M~0.5926. 
To obtain the total short-run and long-run de-
livery cost functions for the declining market-share 
case, we can simply set M = 0.5926 and use equa-
tions (12) and (14). Other things equal, delivery 
costs for the declining market share will be less 
than, equal to, or greater than delivery costs for a 
uniform market share as M is less than, equal to, 
or greater than 0.5926. 
Retail-Distribution Costs 
The total cost incurred by an anhydrous am-
monia retailer, or his total retail-distribution cost, 
is the sum of his plant and delivery costs. 
For a given demand density (P), season length 
(H), and market share (M), the total short-run re-
tail-distribution cost function for firn1 type i 
(STRC;) is the sum of equations (2) and (12), or 
(20) STRCj = f 
11
(K
1
, H) + [f2,(Ki, H) + b0 + B 1QYz] Q 
+ZN, 
Q = qH ~ min.(K
1
H, Qc] . 
The restrictions on Q imply that the retailer will 
be able to avoid having unused capacity in the 
short run only if plant and delivery capacities K,H 
and Q"' respectively, are equal. And, the delivery 
capacity needed t.o match a given plant capacity 
varies as demand density, season length, and 
market share vary. 
The total long-run retail-distribution cost func-
tion for fir111 type i LTRC,) is the sum of equations 
3) and (14): 
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(21) LTRCi = fli(Q/H, H) + 
[f2;CQ/H, H) + b0 + B1Q'h 
+ Z(g0 + G1Q.,,,)/H]Q. 
The corresponding average long-run cost function 
(LARC) is: 
(22) LARCi = fli(Q/H, H)/Q + f2i(Q/H, H) 
+ho+ B1Q.,,, 
+ Z(go + G1Q.,,,)/H. 
This function shows, for firm type i and a given de-
mand density, season length, and market share, the 
relationship between annual volume and the total 
costs per ton incurred by the retailer. 
From equation (22), the impact of changes in 
market share, demand density, and season length 
on retail-distribution costs per ton can be de-
termined. An increase in market share (M) 
decreases B1 and GI' and thus reduces retail-
distribution costs per ton for any level of volume. 
This implies that a declining market share results 
in lower (higher) costs per ton than a uniform 
share if the uniform share is greater (less) than 
59.26 percent. An increase in demand density (P) 
reduces retail-distribution costs per ton if 
oCLARC)/oP = oboloP - Q~/oP 
+ [( o ZI o P) g0 + Z( o g01 o P))/H 
+ Q1C o ZI o P)G1 - ZG/2P]/H < 0. 
An increase in season length (H) reduces costs per 
ton if 
o (LARC)/ o H = [ o f1i(Q/H, H)/ o H]IQ 
- fli(Q/H, H) 
+ o F 2i(Q/H, H)/ o H 
+ 0 bofoH + BlQ.,,,/oH 
+ [(0Z/0H)g0 
+ Z( o g0/ o H) - Zg0/H)/H 
+ GlQ1CoZ/oH)H 
+ Z/2 - Z)/H2 < 0. 
The long-run average retail-distribution cost 
function also provides information about economies 
and diseconomies of size and about the least-cost 
level of annual volume and firm capacity. If 
average plant costs decline more rapidly than 
average delivery costs increase up to an annual 
volume, Q*, and thereafter decline more slowly 
than average delivery costs increase, Q* is the 
unique level of annual volume that minimizes 
long-run average retail-distribution costs. If this 
unique least-cost level of annual volume exists, 
the rated, or design, capacity per hour of the cor-
responding plant facility (ci*) is obtained by set-
ting: 
(23) 0 (LARC)/ 0 Ci = [ 0 (LARC)I 0 Q][ 0 QI 0 kJ 
[ o k/o cJ = o 
and solving for c;"' = c;*Cbl' F, gl' H, P, M). Long-
18 
run average costs are minimized with plant size c;* 
ifo 2(LARC)/ o c.2 > 0 when evaluated at c.*. The 
I I I 
least-cost level of annual volume is obtained by us-
ing: 
_ ki* = ki*(ci*, H) 
and 
Q.* = k.*H. 
I I 
Comparative static derivatives can be obtained 
from the first-order condition in equation (23). By 
substituting ci*, ki*, and Qi* into equation (23) we 
obtain the identity: 
(24) Li = [ o (LARC)I o Qi*] [ o QI o ki*] 
( 0 k/ O Ci*) = 0 
Three of the comparative static derivatives and 
their expected signs are: 
o ci* I o P = ( - o L/ o P)/( o L/ o c;*) > 0, 
o ci* Io M = ( - o L/ o M)/( o L/ o ci*) > 0, 
oci*/oH = c- oL/oH)/CoL/oci*) > o. 
Williamson (1962) found that an increase in de-
mand density increases the least-cost level of an-
nual volume and the capacity of the least-cost firm. 
We expect that an increase in market share or an 
increase in season length will also increase the 
least-cost level of annual volume and firm capacity. 
Estimation of Cost Functions and 
Retailing Costs 
These cost functions and results concerning the 
capacity of the least-cost firm provided the concep-
tual basis for our empirical analysis. To estimate 
plant costs, we first obtained estimates of fli(Ki, H) 
and f 2i(Ki, H) for six sizes of model farm-supply 
plants and four sizes of model specialized plants for 
each of two season lengths. Then, we used equation 
(2) to estimate short-run plant costs. For each com-
bination of firm type and season length, the short-
run costs at the capacity level of annual volume for 
each model plant were used to estimate long-run 
plant costs. 
To estimate delivery costs, we first estimated g0 
for each type of delivery equipment for each 
market condition, and g 1 for each type of delivery 
equipment. Next, we used inequalities (9) and (19) 
and the values of P, M, and H for each market con-
dition to obtain delivery equipment requirements 
for the capacity annual volume for each model 
firm. Then, we estimated annual fixed costs for 
each type of delivery equipment (for applicators an-
nual fixed costs were different for different market 
conditions). Finally, we used these delivery equip-
ment requirements, the estimates of fixed costs, the 
estimates of b0 for each market condition, an 
estimate of bl' and equation (12) to estimate short-
run delivery costs for each model retail firm. Long-
run delivery cost estimates for each market condi-
tion were obtained by using short-run delivery 
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costs for the capacity levels of annual volume for 
each model firm. 
Short-run and long-run retail-pistribution costs 
were obtained by summing the short-run and long-
run plant and delivery costs. By examining the 
long-run average retail-distribution costs for the 
various market conditions, we were able to de-
termine the impact of changes in market condi-
tions on the least-cost level of annual volume and 
firm capacity. 
APPENDIX B: CAPACITIES AND FIXE1D AND VARIABLE COSTS 
FOR MODEL RETAIL FIRMS 
In this appendix, information about the 
capacities of, and fixed and variable cost estimates 
for, the model plants and each type of delivery 
equipment is presented. 
Plant Capacities 
Table B-1 shows average hourly capacities, the 
proportions of initial-investment costs of equip-
ment and facilities allocated to anhydrous am-
monia, and annual fixed costs for each model farm-
supply and specialized plant for both the regular 
and expanded seasons. 
The average hourly capacity of a plant over the 
duration of the season depends on the capacity of 
the bulk plant (i.e., the capacities of the storage 
vessel, nurse tank risers, pump, and plumbing 
system) and on the amount of mobile rail storage 
available. The smallest three farm-supply and 
specialized plants were budgeted with the same 
bulk plant, but the amount of mobile rail storage 
Table B-1. Plant capacities and initial investment and annual fixed plant costs by firm type a nd s ea so n length. 
Capacities", 
investment and 
fixed cost items 
Regular Season 
Av. capacity, tons/hr ...•.• 
Initial investment costs, $ 
Bulk plant .•.•.•.•.••••.• 
Scale ••••••.•••••.......• 
Office building ...••.•.•. 
Misc •••••..•..•.•••.•...• 
Total ..••••••.•.•....•... 
Annual fixed costs, ~/ 
Annual-equiv. cost- ..•••• 
Track leasing .•..•••.•.•• 
Tank rental ..••••••.•.•.. 
Property tax •••..••••.••• 
Fixed insurance .••.•..••• 
Fixed labor •.•••••.•..••• 
Total •••..••.•...••.•.•.• 
Expanded Season 
Av. capacity, tons/hr ..•..• 
Initial investment costs, $ 
Bulk plant ...•.........•• 
Scale •••••........•...•.. 
Office building ....•...•. 
Misc, ••..•......••.••••.. 
Total ..••••..•••..••••... 
Annual fixed costs, ~/ 
Annual-equiv. cost- ..•.•• 
Track leasing .•.•..••.•.. 
Tank rental ....•..•..•..• 
Property tax ..••.••..•••. 
Fixed insurance ....••..•• 
Fixed labor •.••.•••...••. 
Total •••.••...•••.•...•.. 
1 
2.5 
7710 
211 
318 
336 
8575 
837 
0 
0 
135 
7 
389 
1550 
2,6 
7710 
255 
400 
368 
8733 
854 
0 
0 
136 
9 
482 
1664 
Farm-supply plant 
2 
3,8 
7710 
316 
477 
336 
8839 
885 
250 
0 
142 
11 
389 
1855 
3.8 
7710 
390 
575 
368 
9043 
908 
250 
0 
143 
12 
482 
1975 
3 4 
5.0 
7710 
420 
625 
336 
9091 
919 
500 
0 
148 
15 
389 
2145 
5 .1 
7710 
420 
775 
368 
9273 
950 
500 
0 
150 
18 
482 
2274 
10.0 
9889 
840 
1275 
561 
12565 
1295 
900 
1 
358 
28 
793 
3630 
9.7 
9889 
990 
1475 
593 
12947 
1341 
900 
1 
362 
31 
918 
3808 
a/ d · · d · t t cost - Annual-equiv2lent epreciation an in eres • 
5 
12,8 
13626 
1080 
1625 
635 
16966 
1717 
1150 
1 
430 
35 
1011 
4604 
12.5 
13626 
1260 
1900 
679 
17465 
1777 
1150 
1 
422 
39 
1182 
4831 
Plant 
6 
17.8 
17365 
1500 
2275 
887 
22027 
2238 
1600 
1 
491 
45 
1415 
6196 
17.6 
17365 
1680 
2550 
987 
22582 
2299 
1600 
1 
506 
54 
1587 
6453 
2.5 
7710 
1620 
883 
484 
10697 
1055 
0 
0 
185 
145 
2500 
4045 
2.6 
7710 
1798 
1060 
494 
11062 
1087 
0 
0 
171 
174 
3000 
4620 
Specialized plant 
2 3 
3.8 
7710 
1620 
883 
484 
10697 
1069 
250 
0 
185 
145 
2500 
4309 
3.8 
7710 
1798 
1060 
494 
11062 
1101 
250 
0 
171 
174 
3000 
4884 
5,0 
7710 
1620 
883 
484 
10697 
1069 
500 
0 
185 
145 
2500 
4559 
5.1 
7710 
1798 
1060 
494 
11062 
1101 
500 
0 
171 
174 
3000 
5134 
4 
10.0 
13389 
1620 
883 
484 
10376 
1577 
900 
0 
268 
145 
4444 
7569 
9.7 
13389 
1798 
1060 
494 
16741 
1574 
900 
0 
248 
174 
4994 
8115 
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available was increased from plant 1 to plant 3. 
(This is reflected in the increased track-leasing 
costs for plants 2 and 3.) The capacity of plant 4 
was larger than the capacity of plant 3 because a 
rented 26,000-gallon storage vessel and a liquid 
pump were added to the bulk plant and because 
mobile rail storage was increased. (Notice that the 
annual rental for the 26,000-gallon storage vessel 
was only $1 per year; this is a common arrange-
ment between retailers and their suppliers in 
north-central Iowa.) The capacity of farm-supply 
plant 5 was increased relative to that of plant 4 by 
increasing the mobile rail storage. The capacity of 
farm-supply plant 6 was further increased by ad-
ding more mobile rail storage and by adding 
plumbing capacity and a second nurse tank riser to 
the bulk plant. 
Initial Investment and Annual Fixed 
Plant Costs 
Only a portion of the initial investment costs 
for sales and office buildings was allocated to the 
firm's anhydrous ammonia enterprise because in 
both farm-supply and specialized firms these 
facilities are used in other firm enterprises. We 
chose to allocate initial investment costs of these 
facilities to anhydrous ammonia according to the 
proportion that the firm's anhydrous ammonia 
sales were of firm sales for all enterprises in which 
these facilities were used. The proportions used 
were based on results of interviews with retailers; 
see Heubrock (1972, pp. 72-82). 
Different scales and office buildings were 
budgeted for the farm-supply and specialized firms. 
The scales budgeted were a 70-foot grain scale, 
with an initial investment cost of $15,000, for the 
farm-supply firms, and a 30-foot 20-ton scale, with 
an initial investment cost of $5,400, for the 
specialized firms. Initial investment costs for the 
office buildings were $35,000 for farm-supply firms 
and $3,530 for specialized firms. 
Annual fixed costs for plants incl~de deprecia-
tion and interest costs for the bulk plant (i.e., the 
storage vessel, nurse tank risers pump, plumbing 
system, site, and site preparation for these 
facilities), scales, office building, and some mis-
cellaneous equipment and facilities, and annual 
c?sts for property taxes, track leasing, tank rental, 
fixed labor, and fixed insurance. 
Annual-equivalent depreciation and interest 
costs (AEC) were calculated by using (Smith, 1968): 
AEC = B;Cl + i)"I [(l + i)" - l] - V.'1:(1 + i)" - l] 
where ' 
B = purchase cost, 
V = salvage value, 
i = interest rate, 
n = equipment life in years. 
An interest rate of 7 percent was used for all equip-
me!1~ . and facilities. For plant equipment and 
facilities, a 20-year life with no salvage value was 
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used in calculating annual-equivalent depreciation 
and interest costs. 
Annual property taxes for all plant equipment, 
nurse tanks, and applicators were 92.753 mills 
times 27 percent of estimated fair market value; 
see Heubrock (1972, p. 72). 
Most of the difference in annual fixed costs 
between farm-supply and specialized firms is due 
to fixed labor costs. For farm-supply firms, only 
managerial labor was considered fixed, but all 
plant labor was considered fixed for specialized 
firms. The budgeted base annual salary for the 
farm-supply firm manager was $14,000. The three 
smallest specialized firms were budgeted with one 
employee earning a base annual salary of $9,000, 
and the largest farm-supply firm with two 
employees earning a combined base annual salary 
of $16,000. Allowances for social security and 
employee benefits were added to each base salary. 
Then, for each firm type and plant size, a portion of 
the fixed labor cost was allocated to an.hydrous am-
monia according to the proportion that anhydrous 
ammonia sales were of total firm sales. 
The higher annual fixed plant costs for the ex-
panded season as compared with the regular 
season are due to the higher scale, office building, 
miscellaneous, property tax, and fixed labor costs 
allocated to anhydrous ammonia in the expanded 
season. 
Variable Plant Costs 
Variable plant costs include plant maintenance 
costs, office-overhead expense, shrink loss, interest 
on operating capital, variable plant-labor costs (for 
farm-supply firms only), and some other mis-
cellaneous costs. The component and total variable 
costs for both firm types and both seasons are 
shown in table B-2. 
Maintenance and overhead cover a number of 
cost items. Plant maintenance involves replacing 
pumps, hoses, valves, and electric motors, and 
painting and grounds-keeping. Electricity and 
heating for the office building, advertising, legal 
and auditing services, telephone, and bad-debt loss 
are included in overhead costs. 
The other variable costs incurred by both farm-
supply and specialized firms are: a shrink loss 
calculated as 0.5 percent of $60 per ton wholesale 
cost, interest on operating capital calculated at 6.5 
percent of an $80 per ton retail price for a 2-month 
period, and other variable costs including promo-
tion, soil testing, employee education, and billing. 
For the farm-supply firms, the cost of labor 
needed to monitor the unloading of truck 
transports and rail cars and to load and weigh 
nurse tanks is included in variable labor costs. A 
total hourly wage of $3.19 was used. 
Variable plant costs are lower for larger bulk 
plants (bulk plants are the same size for plants 
1-3), for specialized firms, and for the expanded 
season. With larger bulk plants, per-ton main-
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Table B-2. Component and total variable plant costs per ton by firm type and season length. 
Plant 
Variable cost items Farm-suEEl~ ·Elant SEecialized Elant 
1, 2, 
and 3 4 
Regular season 
Maintenance - $/ton 1. 70 1.53 
Overhead 0.50 0.47 
Shrink 0.30 0.30 
Interest 0.86 0.86 
Labor 0.58 0.45 
Other 0.36 0.37 
Total 4.30 3.98 
Expanded season 
Maintenance - $/ton 1.45 1.29 
Overhead 0 .. 49 0.45 
Shrink 0.30 0.30 
Interest 0.86 0,86 
Labor 0.49 0.40 
Other 0,36 0.3 7 
Total 3.95 3 .67 
tenance, overhead, and labor costs decline. Per-ton 
variable costs for specialized firms are lower 
primarily because no labor cost is included. Per-ton 
costs decline as season length increases because 
the percentage increase in total variable main-
tenance, overhead, and labor costs is less than the 
percentage increase in volume. 
Time Requirements for Delivery 
Equipment 
Applicators. 
Five different types of applicators are used in 
north-central Iowa To avoid having to include all 
five types in the analysis, we synthesized a com-
posite machine reflecting an average of the types of 
applicators that a retailer would be expected to 
have. This composite was adjusted according to the 
market condition: As demand density increased, 
larger machines were more heavily represented; as 
season length increased, machines suitable for fall 
and postplanting, or sidedress, application were 
more heavily represented. 
1, 2, 
5 6 and 3 4 
1.39 1.35 1. 70 1.41 
0.45 0.42 0.47 0.47 
0.30 0.30 0.30 0.30 
0.86 0.86 0.86 0.86 
0.43 0.30 0 0 
0.37 0.37 0.14 0.15 
3.80 3.60 3 .47 3.19 
1.18 1.15 1.45 1.15 
0.43 0.39 0.46 0.46 
0.30 0.30 0.30 0. 30 
0,86 0,86 0,86 0, 86 
0.38 0,28 0 0 
0.37 0.37 0,14 0.15 
3.52 3.35 3.21 2,92 
The constant time requirement per ton for ap-
plicators included application time, time spent 
waiting for the exchange of nurse tanks, and some 
time loss because of imperfect coordination and 
breakdowns. The estimate of the constant time re-
quirement per ton for market conditon 1 was syn-
thesized and then verified by comparing the ap-
plicator efficiencies (i.e., tons applied per applicator 
per season) for the model retail firms with those at-
tained by the more efficient of the retailers in-
terviewed. This estimate was then adjusted to ob-
tain estimates for other market conditions. 
The time required to move an applicator 
between fields was included in the time require-
ment per ton per mile. The estimate used for all 
market conditions was 1 minute per ton per one-
way mile, or 0.017 hour per ton per one-way mile. 
Pickups. 
The constant per-ton time requirement for 
pickups included waiting time at the plant and in 
the field. Different estimates were used for dif-
ferent levels of demand density. The constant per-
ton per-mile time requirement for pickups was 
based on an average travel speed of 30 miles per 
hour. 
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Nurse tanks. 
For nurse tanks, the time requirement per ton 
per mile was the same as for pickups, but the cons-
tant time requirement per ton was estimated and 
then verified to insure that nurse tank efficiencies 
for the model firms were comparable to those at-
tained by the more efficient retailers interviewed. 
The constant per-ton time requirement for nurse 
tanks includes application time, waiting time at the 
plant and in the field, and filling, weighing, and 
some breakdown time. 
Initial Investment and Annual Fixed 
Delivery Costs 
Applicators. 
Initial investment costs for the composite ap-
plicators ranged from $1,243 to $1,665 depending 
on demand density and season length; see 
Heubrock (1972, p. 95). Annual fixed costs for the 
composite applicators were the sum of annual-
equivalent depreciation and interest, property-tax, 
agricultural-use-license, insurance, and safety-
equipment costs. A 5-year life and a 10-percent 
salvage value were used in computing annual-
equivalent depreciation and interest costs. Because 
the composite applicator was different for different 
market conditions, annual-fixed ~pplicator costs 
also were different (see table 5). 
Pickups. 
The pickups budgeted were 3/4 ton, four-wheel-
drive vehicles with a purchase cost of $4,470. 
Annual-equivalent depreciation and interest costs 
were based on a 5-year life and a 25-percent 
salvage value. Other components of total annual 
fixed costs were insurance and license costs. Only 
part of the annual fixed costs for pickups was al-
22 
located to the firm's anhydrous-ammonia en-
terprise. The allocation was based on the propor-
tion that the firm's ammonia sales constituted of 
firm sales for all enterprises in which pickups were 
used; see Heubrock (1972, p. 101). 
Nurse tanks. 
The annual fixed-cost items for nurse tanks 
were the same as those for applicators. Tlie nurse 
tanks budgeted had a capacity of 1000 gallons and 
a purchase cost of $1,027. A 10-year life and a 10-
percent salvage value were used in calculating an-
nual-equivalent depreciation and interest costs. 
Variable Delivery Costs 
Constant per-ton costs. 
The constant per-ton variable delivery cost in-
cludes maintenance costs for applicators and nurse 
tanks, an in-field travel cost for pickups, and labor 
costs associated with waiting time and exchange of 
nurse tanks at the plant and in the field. Main-
tenance costs for applicators change as the market 
condition and composite applicator change (i.e., 
with demand density and season length). Labor 
costs decline as demand density increases from 
level I to levels II and III. Nurse tank maintenance 
and pickup costs are the same for all market condi-
tions. 
Constant per-ton per-mile costs. 
The constant per-ton per-mile variable delivery 
cost includes driver labor costs and gas, oil, main-
tenance, and repair costs of 6.4 cents per mile for 
pickups. The hourly wage for drivers was the same 
as that used for nonrnanagerial plant laborers, 
$3.19; $2.50 plus adjustments for social security, 
employee benefits, overtime, and insurance. This 
per-ton per-mile cost was the same for both firm 
types and all market conditions. 
.. 
APPENDIX C: ADDITIONAL LONG-RUN COST RESULTS 
Table C-1. Estimated long-run costs per ton, delivery equipment requirements , and market area sizes for twelve market 
conditions. 
Item 
Farm-supply firm: Specialized firm: 
2 3 4 5 6 2 3 4 
Regular season 
Annual volume (tons) ..•••••• 450 
Plant cost per ton •••••••••• $ 7.74 
675 
$ 7 .05 
900 1800 
$ 6.68 $ 6,00 
2300 
$ 5,80 
3200 
$ 5.54 
450 675 900 1800 
Demand d~nsity level II 
Section 7: 100% market share 
Delivery cost per ton •••A••• 
Retail-dist. cost per ton ••• 
No. pickups •••••• , , , , •••• , • , 
No. nurse tanks ..•..•.•..... 
No. applicators ••••••••••••· 
Radius of market area (miles) 
Section 8: 33% market share 
Delivery cost per ton••••••• 
Retail-dist. cost per tona ,, 
No, pickups ............... .. 
No. nurse tanks , •• , , , , , , •••• 
No. applicators ............ . 
Radius of market area (miles) 
Demand density level III 
Section 9: 100% market share 
$10,79 
$18,54 
l 
7 
5 
3.5 
$11.08 
$18,82 
1 
7 
5 
6,0 
$10,98 
$18.02 
2 
11 
7 
4.2 
$11.81 
$18.86 
2 
11 
8 
7.3 
$10.95 
$17.64 
2 
14 
10 
4.9 
$11. 69 
$18,38 
3 
14 
10 
8,5 
$11.00 
$17 .00* 
4 
28 
19 
6,9 
$12 .01 
$18,01* 
5 
29 
20 
12,0 
$11.34 
$17.14 
6 
36 
25 
7.8 
$12.40 
$18,20 
7 
38 
26 
13,5 
$11.53 
$17 .07 
8 
51 
35 
9,2 
$12.78 
$18,32 
11 
53 
36 
15.9 
$12.46 $ 9,85 
$10.79 
$23,25 
l 
7 
5 
3,5 
$11.08 
$23.54 
l 
7 
5 
6.0 
$10.98 
$20.83 
2 
11 
7 
4.2 
$11.81 
$21,66 
2 
11 
8 
7.3 
Delivery cost per ton '''A''' $10.48 $10,51 $10.22 $10.20 $10,26 $10,45 $10,48 $10.51 
Retail-dist. cost per ton ••• $18.23 $17.56 $16.90 $16.20 $16.07 $15.99* $22,94 $20,37 
No. pickups • , • , , • , • • • • • • • • • • l 2 2 4 5 7 l 2 
No. nurse tanks • • • • • • • • • • • • • 6 9 12 24 30 42 6 9 
No, applicators ••••••••••••• 5 7 9 17 22 31 5 7 
Radius of market area (miles) 2,7 3,3 3.9 5,5 6,2 7,3 2.7 3.3 
8Except for rounding, retail-distribution cost per ton is plant cost per ton plus delivery cost per ton. 
*Least-cost farm-supply firm. 
**Least-cost specialized firm, 
$ 8.54 $ 7.39 
$10,95 
$19.49 
2 
14 
10 
4,9 
$11. 69 
$20,23 
3 
14 
10 
8,5 
$10,22 
$18,75 
2 
12 
9 
3.9 
$11.00 
$18.40** 
4 
28 
19 
6.9 
$12.0l 
$19.41** 
5 
29 
20 
12,0 
$10.20 
$17.60** 
4 
24 
17 
5.5 
Table C-1. Estimated long-run costs per ton, delivery equipment requirements, and market area sizes for twelve market 
conditions. (continued) 
Farm-supply firm: Specialized firm: 
Section 10: 33% market share 
Delivery cost per ton •.••••• 
Retkil-dist. cost per tona .. 
No. pickups ••••• , •• , •• , • , , , . 
No. nurse tanks ·•••••••••••• 
No. applicators .•••••.•••••• 
Radius of market area (miles) 
Expanded season 
Annual volume (tons) 
Plant cost per ton 
Demand density level I 
Section 11: 100% market share 
Delivery cost per ton '''A''' 
Retail-dist. cost per ton •• 
No. pickups •••••.•••••••• • •. 
No, nurse tanks ..••••••••• , , 
No. applicators •••••••.••••. 
Radius of market area (miles) 
Section 12: 33% market share 
Delivery cost per ton ""'A''' 
Retail-dist. cost per ton 
No. pickups ••.•••.•••.•••••• 
No. nurse tanks ......•...••. 
No. applicators ••••.••..•••• 
Radius of market area (miles) 
$10. 71 
$18. 45 
1 
6 
5 
4.7 
550 
$ 6.98 
$11.06 
$18.04 
1 
8 
7 
4.5 
$12. 27 
$19.24 
2 
9 
7 
7.7 
2 
$10.79 
$17.84 
2 
9 
7 
5.8 
825 
$ 6.34 
$11.18 
$17.52 
2 
12 
10 
5.5 
$11.82 
$18.17 
2 
13 
10 
9.5 
3 
$10.54 
$17.22 
2 
12 
9 
6.7 
1100 
$ 6.02 
$11.15 
$17,16 
2 
17 
13 
6.3 
$11.94 . 
$17. 96* 
3 
17 
13 
10.9 
4 
$11.11 
$17 .11 
5 
25 
18 
9.4 
2100 
$ 5.48 
$11.44 
$16.92 
5 
32 
24 
8,7 
$12.53 
$18.01 
6 
33 
25 
15.1 
5 
$11.20 
$17.00* 
6 
32 
23 
10.7 
2700 
$ 5.31 
$11.53 
$16.84* 
6 
41 
31 
9.9 
$12.80 
$18 .11 
8 
43 
32 
17.1 
6 
$11.50 
$17.04 
9 
45 
32 
12.6 
3800 
$ 5.05 
$11.83 
$16.87 
9 
58 
44 
11. 7 
$13.36 
$18.41 
12 
62 
46 
20.3 
$10. 71 
$23.17 
1 
6 
5 
4. 7 
550 
$11.61 
$11.06 
$22.67 
l 
8 
7 
4.5 
$12.27 
$23.88 
2 
9 
7 
7. 7 
2 
$10.79 
$20.64 
2 
9 
7 
5.8 
825 
$ 9.13 
$11.18 
$20.31 
2 
12 
10 
5.5 
$11.82 
$20,95 
2 
13 
10 
9.5 
8Except for rounding, retail-distribution cost per ton is plant cost per ton plus delivery cost per ton. 
*Least-cost farm-supply firm. 
**Least-cost specialized firm. 
3 
$10.54 
$19.08 
2 
12 
9 
6.7 
1100 
$ 7.88 
$11.15 
$19.02 
2 
17 
13 
6.3 
$11. 94 
$19 .82 
3 
17 
13 
10.9 
4 
$11.11 
$18.50** 
5 
25 
18 
9.4 
2100 
$ 6. 78 
$11.44 
$18.22** 
5 
32 
24 
8.7 
$12 .53 
$19.31** 
6 
33 
25 
15.l 
23 
Table C-1. Estimated long-run costs per ton, delivery equipment requirements , a nd market area sizes for twelve market 
conditions . (continued) 
Farm-supply firm: Specialized firm: 
3 4 5 6 2 3 4 
Demand density level II 
Section 13: dec lining market 
share 
Delivery cost per ton ""A"" $10.44 $10.74 $10.53 $10.97 
$11.00 $11. 35 $10.44 $10.74 $10 .53 $10.97 
Retail - dist . cost per ton $17.41 $17.09 $16.54 $16 .45 $16.31* $16.40 $22.05 $19.87 $18 . 40 $17. 75"'* 
No. pickups ················ 1 2 2 5 6 9 1 2 2 5 No. nurse tanks . ............ 8 12 15 30 38 54 8 12 15 30 
No. applicators . ............ 6 9 12 22 28 40 6 9 12 22 
Radius of market area (miles) 6.6 8 .1 9.3 12. 9 14.6 17,4 6,6 8.1 9.3 12.9 
Section 14: 100% market share 
Delive ry cost per ton • ··a.· .. $10.31 $10 .39 $10.06 $10.50 $10 .65 $10. 80 $10.31 $10.39 $10.06 $10.50 
Retail-dist. cost per t on •. $17. 28 $16.74 $16.08 $15.98 $15. 96 $15. 85* $21.92 $19.52 $17.94 $17.28** 
No. pickups . ................ 1 2 2 4 6 8 1 2 2 4 
No. nurse t anks . ............ 8 11 15 29 37 53 8 11 15 29 
No. applicators . ........ .. .. 6 9 11 22 28 39 6 9 11 22 
Radius of market area (miles) 3,8 4 . 7 5.4 7.5 8.5 10.0 3.8 4. 7 5.4 7.5 
Section 15: 33% market share 
Delivery cost per ton $10. 62 $10.97 $11 .21 $11.33 $11 . 70 $12 .16 $10.62 $10. 97 $11 . 21 $11.33 
Retai l-dist. cost per tona .. $17. 60 $17 ,32 $17.22 $16.82* $17 ,01 $17.21 $22 . 23 $20.10 $19.08 $18.12** 
No. pickups . .. ...... ...... .. 1 2 3 5 7 11 1 2 3 5 
No. nurse tanks . ............ 8 12 16 30 39 56 8 12 16 30 
No. applicators ........ ..... 6 9 12 22 29 41 6 9 12 22 
Radius of market area (miles) 6.6 8.1 9 .3 12 . 9 14 .6 17.4 6.6 8.1 9.3 12. 9 
~xcept for rounding, retail-dist ribution cost per ton is plant cost per ton plus delivery cost per ton. 
-lrLeast- cost farm- supply firm . 
;'<*Leas t-cos t specialized f irm. 
Table C-1. Estimated long-run cos t s per ton, delivery equipment requirements, and market area sizes for twelve marke t 
conditions . (continued) 
Farm- supply firm: Specialized firm: 
2 3 4 5 6 3 4 
Demand density l eve l III 
Section 16: declining market 
share 
Delivery cos t per t on ······· $ 9.36 $ 9 .75 $ 9.55 $ 9.75 $lo. 06 $10.20 $ 9. 36 $ 9 . 75 $ 9.55 $ 9. 75 Retail-dist . cost per ton a .. $16.34 $16.09 $15 . 57 $15. 23* $15.35 $15. 25 $20 . 97 $18 . 88 $17 . 43 $16.53** 
No . pickups .. ...... ... ... ... 1 2 2 4 6 8 1 2 2 4 
No . nurse tanks ············· 7 10 14 26 34 48 7 10 14 26 No. applicators ..... ... .. ... 5 8 10 19 25 35 5 8 10 19 
Radius of market area (miles) 5.2 6. 4 7 . 4 10.2 11.6 13.7 5.2 6 . 4 7. 4 10.2 
Section 17: 100% market share 
Delivery cost per ton $ 9.26 $ 9.62 $ 9. 40 $ 9.55 $ 9. 66 $ 9. 81 $ 9.26 $ 9 . 62 $ 9 . 40 $ 9. 55 
Retail-dist. cost per ton a .. $16.24 $15. 96 $15 . 42 $15.03 $14 . 97 $14 . 86* $20 . 87 $18. 75 $17.28 $16.33*'' 
No . pickups ················· l 2 2 4 5 7 1 2 2 4 No. nurse tanks .... ...... ... 7 10 14 26 33 47 7 10 14 26 
No. applicators ············· 5 8 10 19 25 35 5 8 10 19 Radius of marke t a r ea (miles ) 3 . 0 3.7 4 . 3 5.9 6. 7 7.9 3 . 0 3.7 4 . 3 5.9 
Section 18: 33"/, market share 
Delivery cost per ton $ 9.51 $10.12 $ 9.76 $10 . 41 $10.45 $10. 92 $ 9 . 51 $10 .12 $ 9. 76 $10. 71 
Retail-dist. cost per tona .. $16.49 $16.46 $15.78 $15,89 $15.76* $15. 97 $21.12 $19 . 25 $17 . 64 $17.19** 
No. pickups ··············· 1 2 2 5 6 10 1 2 2 5 No. nurse tanks ············· 7 11 14 27 35 so 7 11 14 27 No. a pplicators ············· 5 8 10 20 25 36 5 8 10 20 Ra dius of marke t area (miles) 5 .. 2 6. 4 7 .4 10. 2 11 . 6 13.7 5.2 6.4 7. 4 10.2 
~xcept for rounding, retail-distribution cost per ton is plant cost per ton plus delivery cost per ton. 
*Least-cost farm-supply firm . 
1drLe a s t-cos t s peci a lized firm . 
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